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© Integral thin film injection system for thermal Inkjet heads and methods of operation. 

© A novel thermal ink jet printhead and related methods of operation are described. Methods of manufacture of 
the pnnthead wherein multiple heater resistors (18,20) are connected in series, between a source of ink supply 
(10) and an output ink ejection orifice (24). A primary heater resistor (20) is located in an ink ejection chamber 
(16) and adjacent an output ink ejection orifice (24). This resistor (20) propels ink away from the printhead 
whereas another heater resistor (18) (or resistors) is removed from the primary heater resistor (20) and is located 
in an adjacent ink injection chamber (14). and is operative to inject ink toward the primary heater resistor (20) In 
this manner, ink ejection operational frequency is increased and cavitational wear on the heater resistors (20) is 
minimized. Simultaneously, hydrodynamic back pressure in the ink ejection chamber (16) is reduced and 
control over ink drop size and viscosity is improved. 
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INTEGRAL THIN FILM INJECTION SYSTEM FOR THERMAL INK JET HEADS AND METHOD OF OPERATION 



This invention relates generally to thermal ink jet (TIJ) printing and more particularly to such printinq 
using multiple heater resistors to control ink drop ejection from a TIJ orifice plate 

In the art of thin film resistor (TFR) substrate preparation for use in thermal ink jet printheads one 
s common practice has been to use one heater resistor for one or more orifices in an orifice plate for the 
pnnthead. This approach is described, for example, in the Hewlett Packard Journal . Vol. 38 No 5 May 
1985, incorporated herein by reference. While this approicTThas proven "highty successful in many 
respects, the natural ink reservoir refill and fluid hydrodynamics associated with this single resistor-per- 
onfice configuration imposes an upper limit on both the operating frequency of ink ejection from the 
10 pnnthead and the variability and control of the ejected ink drop volume. 

A general object of this invention is to provide a new and improved thermal ink jet printhead and 
method of operation which extends the upper limit of the ink ejection operational frequency while 
simultaneously increasing the variability and control of drop volume of ink ejected from the printhead 

Another object of this invention is to provide a new and improved thermal ink jet printhead of the type 
descnbed which .s operative to reduce hydrodynamic back pressure and cavitation wear on certain heater 
resistors of the printhead structure. 

Another object is to provide a new and improved thermal ink jet printhead of the type described which 
is operative to eject variable drop volumes of ink, thereby resulting in variable dot sizes 

Another object is to provide a new and improved thermal ink jet printhead of the type described which 
a lows ink to be preheated to a preselected controlled temperature in order to exert control on the viscosity 
of the ink. Such operation maintains a desired and controlled viscosity level in the ink. 

Another object is to provide a new and improved thermal ink jet printhead of the type described which 
is operative to impart controlled quantities of thermal energy to the ink, which in turn allows subsequent 
ejection of a drop or drops of ink with shorter duration and lower energy pulses. 

A further object of this invention is to provide a new and improved thermal ink jet printhead of the type 
descnbed which may be operated to limit underdamped oscillatory fluid waves through dynamic loading 
thereby resulting in an enhanced operating frequency and improved harmonic control 

The above objects and related advantages and novel features of this invention are accomplished by the 
provision of an ink jet printhead assembly which includes means providing an ink flow path between an ink 
supply and an ink ejection orifice, and an ink injection chamber and a drop ejection chamber are located in 
series between the source of ink supply and an ink ejection orifice. The ink injection chamber contains at 
least one ,nk injection heater resistor and the drop ejection chamber contains at least one drop ejection 
heater resistor. Electncal pulse control means are connected to both the ink injection heater resistor and to 
the drop ejection heater resistor for sequentially pulsing these resistors to thereby reduce hydrodynamic 
back pressure from the drop ejection chamber. This switching action also reduces the impact of cavitational 
forces from the ink ejection orifice and normal to the major surface of the drop ejection heater resistor 

The present invention will become better understood from the following description of the accompany- 
ing drawings. 

Figures 1A and 1B. respectively, are abbreviated schematic plan and cross section views of the 
thermal ink jet printhead according to the invention, and prior to the formation of an outer orifice plate 
thereon in Figure 1A. 

piate R9 " re 2 13 *" iS ° metriC vfaw corres P° ncJ ing to Rgure 1A and also prior to receiving an outer orifice 
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Figures 3A through 3C are cross-section views showing the formation of the thin film resistor (TFR) 
45 substrate portion of the printhead according to the invention. 

Figures 4A and 4B are cross section and plan views respectively showing the addition of a barrier 
layer to Rgure 3C. This barrier layer defines the ink reservoir geometry of the printhead. 

Figure 5 is a cross-section view showing the disposition of an orifice plate on the top surface of the 
barrier layer in Rgures 4A and 4B. 

Referring now to Rgures 1A and 1B, a supporting substrate 10 of either a semiconductor or a glass 
material is prepared to receive a barrier layer 12 thereon which defines the ink reservoir geometry of the 
printhead. including an ink injection chamber 14 and a drop ejection chamber 16. The ink injection chamber 
14 is provided with an ink injection heater resistor 18, whereas the drop ejection chamber 16 is provided 
with a drop ejection heater resistor 20. An outer or top orifice plate 22 is provided as shown in.Rgure 1B 
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0^r r esSS o 2 h 4 WhiC l' S precise, V •» *e drop ejection heater resistor 20 or is 

onset with respect thereto by a predetermined dimension or dimensions 

It should be understood that the heater resistors 18 and 20 are represented only schematically and 
would ,n their actual construction, typically include an underlying passivation an7hea cc7™ SSj! 

22? TT ,ay6r SUCh 33 S,C ° r ** « b ° th in addi *» to the oSS? Mo "ese 

s^trxsir R9s - 1A - d 1B for sake of brevity - — * - «-» -S 

,n„J h I ink J nieCti0n heatW reSiSt0r 18 and the dr °P eiection heater resistor 20 are connected by way of 

» SS^STJSr in l I is fi9Ure) which has been pattemed to *™ 

e^SrJ^Z^ TT n Conductors *° show " in Rg^es 3. 4 and 5 below and provide an 
JTJSf ? ^1 C ° ndUCt " 19 COntr0 " ed current pu,ses to ^ «» ink Nection heater resistor 18 an^ 
to tht V T ! ^ reS,St ° r 20 dUnn9 3 therma ' ink jet P rintin 9 °P erati0 "- Th"S. when oumrth «£ 
: n ^ C * 0n , heaterreSiSt ° r ia "» ink in 1,19 ink in i ecti °" 14 is hea ed to boilmg aSfethS 

i. me St 111* 9 * 0P £T* n Chamb8r 16 Where ' upon app,ication ° f a P*> to the h TSoTresiSr 
^^^a'S , !2^ °' ^ ° rifiC8 ^ Simu,taneous, V- utilization of tie ink injectS 
"Zm « h th,s manner serves to decrease the time in which it takes for ink entering the opening 

Z^ZZ^JTZS: reSiSt ° r * ^ ^ - "«-— — y 9 range P of th* 

M h^tlT 9 ST OP f a I i0n fUrther SerV6S 10 reduce "Vdrodynamic back pressure and cavitation wear on the 
ZZZJZTZZ?* StrUCtUreS ' ^ il 3,50 P reheat s the ink flowing to *e drop eStSn 

^ ^ onTsenffnv T 6 ^ 63 l ° ^ "* temperatUr8 ° f "» ink - " d thereby'contro.s itsTsco^ 
The present .nventon further permits the modulation of ejected drop volume by phasina the heaL 
pu ses to the mjection heater resistor 18 and the ejection heater resistor 20. When the S on 
25 Sin ZZ?Z ^I"? „«■ a disturb ance of the fluid meniscus in the orifice {£ 

le al^onTj 9,00 f T ^ V0 ' Ume ^ kin6tic ener ^ contro,labte * timing delay between 
the actvafton of the .njecton heater 18 and the ejection heater 20. The volume and kinetic enemy of tS 

e^on Inh e - 6Ctl0n heat9r 20 " SUbs ^ uent| y activated provides a different initial coition to *e too 
T Pared t0 quieSC8nt **** where lection heater 20* is activated Son? This 

m "^f""? "° W 10 Figure 2 ' 818 Pnnthead structure shown in isometric view is also shown without the 
SEEi"* ^T* 1 10 h6ater reSiSt0rs 18 and 20 " d without ^e top orifice pTate *ptd £ 
5. S^Tm 2 in?« 9Ure i S USef :' t0 Sh ° W ^ ^ ^ of *• two heater resistors 7m££ 
» Z%Z?n „ ™ u '° W P3th int ° 1,16 ink injection chamber 14 by way of convergent barrier wail 

nrovl T 30 ^ Ut " ,Z8d to COnstrict ink f,ow "*> the ink injection chamber and thereby 

EXEL f w YdraUliC tUninQ f0r ° ptimizin 9 * e ink e i ecti °n efficiency of the thermal ink let 

pnnthead. For a further discussion of this hydraulic tuning and related fluidic contro. techniqurSference 

- ~ seriai number 883101396 ° f ^ ?rs 

resi^tbltSe s^^r 9 !! 3C ' ' Si,iC0 " ° f 9,3SS SUbStrate 32 is ^ as the thin film 
nSL t ^ 1 tenal 3nd 13 treated in 3 conventional manner, such as by etching and 

SSj'hlTSi 34 S ,fr h ,aye H 3 t ? r6SiStiVe heat9r mat9ria '' SUCh 35 tanta.um.irum 9 "e 
resistive heater layer 34 .s in turn adapted to receive a layer 36 of conductive trace material such a« 

ma^rand j£ ^ ^ 36 iS COn,i 9- ed usi "9 ^onvenSna, XtoLgrfpNc 

masking and etching processes to provide openings 38 and 40 therein as shown in Fiaure Tho 

fTeS 2S« h JS r dU r { ,raCe ,3yer 36 in ^ d9fine "» ^ ^ dLnS 5. s 
?n To ,1 t Wh ' Ch * ° f C0Urse ' con - es P°nd to the schematically represented heater resistors 

20 and 18 in the schematic and abbreviated views of Figures 1 and 2 resistors 

After the structure in Figure 3B is completed, it is transferred to a dielectric layer deposition station 

z::r:sZT: z h z e T': r !r r 46 is prov,ded as shown * f >°™ 3c i ° *^tzsz 

heater resistors 42 and 44 and the conductive trace material 36 in Figure 3B from ink corrosion and 
cavitation wear. This surface barrier layer 46 will typically consist of a combination olZ ^ ZZeTof 
sHicon nitnde on top of which an outer layer of silicon carbide is formed using known n Wde caSde 

JS S t^J^^TS; , ?. barrier ,ay9r 46 Pr ° VideS 3 g ° 0d -aterirm^hw^ 
unuer.y.ng layers of raAl and metal, and the SiC outer portion of the barrier layer 46 Drovidas a hinhi„ 

outer protective film to insulate the underlying materials against ink corrosion '"^ 
Once the structure in Figure 3C has been completed, it is transferred to another barrier deposition and 
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geomefry forming station wherein a second or ink reservoir-defining barrier layer 48 is provided in the 
geometry shown m Figures 4A and 4B. The second or outer surface Carrier layer 48 is mLked S jtchod 
usmg conventional state-of-the-art photolithographic masking and etching teTn q^es in ? r d j To fr,™ S 

Son £2£ Teselr T ,en9th , width dimensLs of *• ink ^S^ZS'JS ZIT P 

!rl« L T 1 , amb6rS "* l0Cat8d a PP roxim ately at the reference numerals 52 and 54 and 
above the ink injection and drop ejection resistors 44 and 42, respectively ** 
Refernng now to Figure 5. there is shown the addition of the top orifice plate 56 havino a mn*™m 

SaL ^ wh, l term L nates at an output openin9 58 «* inc,udes a «S55 ^tSi^ZS 

surface 60. The output orifice opening 58 is aligned with respect to the drop ejection heaSSSTS 

LfeTd 2tl ' ^ .f*" betWeen 0n ' fiC8 p,ate 0 P enin 9 5 * 2- heater ^Tml^e 
preferred. Thus, ink traversing the flow path indicated at the arrow 62 will enter the ink ini«r«nn Yo 

ejecnon neater resistor 42 in a manner previously described 

As indicated in the following TABLE, the outer barrier layer 48 may be constructed of well known 
polymer materials, such as materials known as PISTON or VACREL and sold Dm £ of 

Wilmington. Delaware. Alternatively, the outer surface barrier layer 48 may be a metal such nJfStaT-S 
e.ectroformed using processes such as those described in the arLe IdeSe^HewTet JSSd j££ 

when L^suTas'nS ^ TJTSlS ^ ^ °' »** hno " n ^ontcbn^es and 
/vnen a metal such as n.ckel is used for forming both the barrier layer 48 and the orifice olate w I 

M^s^T^Tr* processes disc,osed in 

a«! S - Ch3n 81 31 entitled ° Bamer U y er and Orifice Plate For Thermal Ink Jet Printed 

Assembly" assigned to the present assignee and incorporated herein by reference 

The following table of values indicates suitable layer deposition processes, layer thicknesses materials 
,nvenZ 8 H reS,St,V,tie t S £** ^ be U " d printh6ad ™nuteiwl in ^toS^SUSSS 
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I 

1 

| LAYER 


1 SUITABLE 
1 MATERIAL 


1 DEPOSITION 
1 PROCESS 


THICKNESS 
(MICRONS) 


I RESISTIVITY 
1 X10 -6 




1 Insulating 
1 Substrate 


I Oxidized Silicon 
| Glazed Ceramic 
I Glass 


I Thermal Oxidation 1 


■ 




10 


1 (1) 


I Silicon Oxynitride 










1 xesistor Layer 
1 (2) 


| Tantalun Aluminum 
1 Tantalun nitride 


1 Sputtering | 


0.02 to | 
0.3 | 


100 to 300 | 


75 


1 Conductor 
1 Layer 
1 (3) 


Aluninun 

Aluninun Copper Alloy 
Aluninun Si At toy 
Gold 


1 Sputtering | 


0.5 to | 
2.0 | 


2 to 3 | 


20 


1 Passivation | 
1 Layer * 1 
1 (6) | 


Silicon Nitride 
Silicon Carbide 
Silicon Oi Oxide 
Silicon Oxynitride 


1 PECVD* < 
1 LPCVO" | 


0.5 to | 
2.0 | 






I Barrier Layer I 
1 Layer I 


Riston 
Vacrel 


Lamination 1 






25 


1 (7) | 


Nickel 


Plating i 


10 to 75 | 






I Orifice Plate | 
1 (10) | 


Nickel 

Gold Plated Hi I 
Plastic | 


Plating 

Forming I 


20 to 75 | 
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Plasma Enhanced Chemical Vapor Oeposition 
*" liquid Phase Chemical Vapor Oeposition 
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*-JL m r "ST! tabl8 ' PECV ° Si9 " ifies plasma enhanced chemical vapor deposition whereas L PCvn 
9 m S - — Tech "Qtogy . Van Nostrand Reinhold Co. New York 1968 
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3. The ink jet printhead of claim 1 or 2 wherein the resistive heaters (18,20) make up a plurality of units 
each unit containing one or more adjacent resistive heaters (18,20). 

4. The ink jet printhead of claim 3 wherein each unit is individually controllable. 

5. The ink jet printhead of claim 4 wherein the units are electrically pulsed in a periodic manner the 
phase d.fference between pulses to adjacent units being chosen to minimise hydrodynamic back pressure 
from the section of the ink flow path (14) adjacent to the ink supply chamber (10) and to minimise 
cavitational forces directed against resistive heaters (18,20) near to the ink ejection orifice (24). 

6. The ink jet printhead of any preceding claim wherein the ink flow path is a continuous ink reservoir 
which extends from the ink supply chamber (10) to the ink ejection orifice (24). 

7. A method of ejecting ink from a thermal ink jet printhead using phased energisation of a plurality of 
resistive heaters (18,20) along the ink flow path. 
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